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Abstract 
 
The ability to isolate individual chromosomes combined with next generation 
sequencing permits the validation of genome assemblies at the chromosome level. 
We demonstrate this approach by the assessment of the recently published chickpea 
kabuli (Varshney et al 2013) and desi (Jain et al 2013) genomes. While previous 
genetic analysis suggests that these genomes should be very similar, a comparison of 
their published assemblies highlights significant differences. Our chromosomal 
genomics analysis highlights regions that appear to have been mis-assembled in the 
kabuli genome and identifies large scale mis-assembly in the draft desi genome. The 
integration of chromosomal genomics with skimGBS based genome assembly tools 
has the potential to significantly improve genome assemblies. The approach could be 
applied both for new genome assemblies as well as published assemblies, and 
complements currently applied genome assembly strategies. 
Aims 
 
To assess and validate the chickpea desi and kabuli reference genome assemblies 
using chromosomal genomics and skim based genotyping by sequencing 
 
Results 
 
The desi genome assembly is more fragmented and the pseudomolecules are much 
smaller than for the kabuli assembly, and pairwise comparison of each of the 
pseudomolecules from the two assemblies revealed numerous structural variations 
(Figure 1). Illumina DNA sequencing and mapping of reads from isolated kabuli 
chromosomes identified 46 mis-assembled regions in kabuli reference genome 
(Figure 2). Mapping kabuli and desi isolated chromosome sequence reads, together 
with whole genome desi Illumina data to the desi draft assembly highlighted major 
errors in the assembly (Figure 3), including whole misplaced pseudomolecules (desi 
Ca3 includes both Ca3 and Ca8), and regions of the desi reference pseudomolecules 
that appear not to be composed of sequence from the chickpea genome (purple 
colour on Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Comparison of the desi 
and kabuli reference genomes. 
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Figure 2. Map of the kabuli reference genome demonstrating the density of Illumina paired sequence 
reads (red colour) from isolated kabuli chromosomes 1,2,3, (4,7), 5, 6 and 8 
Figure 3. Map of the desi reference genome demonstrating the density of sequence reads (red colour) 
from isolated kabuli (K) and desi (D) chromosomes 3, 5 and 8, as well as whole genome data (WGS). 
Purple regions indicate no specific read mapping and hence regions in the assembly which might not 
reflect chickpea genome sequence. 
Figure 4. Imputed haplotype 
blocks from the ICC1882, 
ICC4958 F2 population 
showing mis-assembled 
regions. 
Conclusion 
We have established a chromosomal genomics approach to validate and compare 
reference genome assemblies. Overall, the assembly quality of the kabuli genome is high, 
with relatively few regions in the reference pseudomolecules which appear to have been 
misassembled into the wrong pseudomolecule. In addition to chromosomal genomics, skim 
based GBS can be applied to validate and improve the accurate assembly of the chickpea 
genomes. 
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Using SGSautoSNP (Lorenc et al. 2012) we predicted 84,963 single nucleotide 
polymorphic positions between two chickpea parental varieties ICC 1882 and ICC 
4958. SkimGBS was performed to genotype 46 F2 individuals to produce an imputed 
genotype map (Figure 4). The haplotype map highlights the mis-assembly regions of 
the kabuli genome and assists in locating these regions in their proper 
pseudomolecule positions. This GBS data also assists in characterising 
recombination and gene conversion frequencies across the genome and for precise 
trait mapping. 
 
